In physics teacher education the challenge is to promote the development of expertise needed from physics teachers. In that close collaboration between physicist and physics education professionals is needed. This, however, poses many challenges, which are not easily met. We describe here some guidelines, based on our own experience from a pilot course for pre-service physics teacher education. We discuss how physics departments can meet these challenges by designing a special course and working models, which takes into attention the aspect of expertise expected from physics teachers. The positive results and feedback received is presented.
Introduction
Physics teachers are in cross-roads of two different but intimately connected fields; the "scientist's science" and "school's science." Prospective physics teachers are usually taught by physicist, and on this basis -after some pedagogical and practical training in department of teacher education and in training schools -they are expected to become professional teachers [1] . The task of physics teacher education is, however, more complicated than that, because the ordinary university teaching at the Departments of Physics with its traditional structures [2] gives seldom a good example how physics should be taught at school. Moreover, traditional teacher education is often inefficient to create the required coherence to learned subject contents, instead student are left with bits and pieces of fragmented knowledge. These notions warrant a closer look on question, what actually is the role and responsibility of physics departments in student teachers' education.
When teaching physics to student teachers it is necessary to see "physics teaching" (understood here as any instructional or learning method that helps students to acquire new concepts, ways of thinking and related skills) from wider perspective than is usual in physics departments; what is needed is not only competence in physics subject knowledge but also competence in its didactics and pedagogy (pedagogical knowledge) [3, 4] . In the following, with subject knowledge we mean knowledge about physics subject matter (domains and structure of physics and its epistemology). With pedagogical knowledge we mean the knowledge a teacher is using when thinking, reflecting, pondering or contemplating decisions or justifying them in an instructional situation. It is obvious that for example knowledge about teaching and evaluation methods, and possibilities to represent subject matter (i.e., knowledge of teaching particular topics), knowledge about the purposes of teaching physics and understanding common learning difficulties and students' conceptions concerning physics belongs to the teacher's pedagogical knowledge [5] .
The solution to educate physics teachers so that physicist and physics education professionals take a joint responsibility of it is obvious, but astonishingly difficult to realise. According to recent inquiry by European Physical Society (EPS) [1] physics teachers (for grades 7-12) in most European countries are educated in physics departments, with physics education (PE) professionals and physicists involved. As indicated by the EPS inquiry, the contribution of both PE professionals and physicists is needed, but on the other side there is very little contact between these groups. The situation and problems in physics teacher education in University of Helsinki, Finland, has been in most cases essentially the same ones as brought forward by the recent EPS inquiry.
However, during recent years we have found overcome many of these problems, leading to better practical solutions in teacher education and better control over the achieved learning results. We discuss here, how the questions concerned with physics subject knowledge can be effectively connected to requirements of creating teaching methods with purpose of better organisation of physics knowledge. We report here our experiences from a pilot course for student teachers, where we have attempted to meet these goals and increase the fruitful collaboration between physicists and PEs in teacher education.
Challenges of physics teacher education
In Finland physics teachers teach physics at grades 7 -12 (students 12 -18 years old). The duration of education is about 5 years on average, and students obtain the MSc degree, for which they need 160 credits minimum (1 Finnish credit is equal to 1,5 -2 ECTS credits and is equal to one week of 40 studying hours). This degree contains physics (78 credits), minor subject (35 credits), typically mathematics or chemistry, and also minor in pedagogy (35 credits), including school practice. Pedagogical studies are organised by the Department of Applied Sciences of Education (Faculty of Behavioural Sciences). Master's thesis is written in physics and students receive their MSc degree in physics.
In physics teacher education we have recognised four challenges to be met when helping our student teachers to develop an expertise they need in teaching of physics. The first challenge is related to organization of knowledge in physics, the second one to role of experiments in it, and the third is challenge of pedagogical thinking; teachers should not focus only on the teaching or activities like experiments or demonstrations, but also on the nature of the pedagogical thinking and solutions in the instructional process which surrounds those activities [6] . Finally, the fourth challenge is to help the student teachers to reflect and (self)evaluate their previous experiences and knowledge about physics and physics education and, moreover, learn from experience. The four challenges mentioned are basically separate ones but nevertheless, interconnected.
The first challenge we have is that although students have been taught subject knowledge in several courses, they still seem to have very little understanding of the physics as whole when they enter on their final studies in physics. A common problem seems to be that after traditional teaching students' knowledge of physics often remains unorganised and fragmentary and they tend to see physics as collection of facts and laws and specific problem solving strategies [7, 8] . Students have not had enough opportunities to build a picture of physics as a whole because they have not enough time to reflect what they know and to develop a comprehensive understanding [3, 4] . Therefore, we should help students to collect the pieces together into a meaningful picture.
The second challenge to understand the role of experiments. To large degree, it is essentially related to same questions recently posed by EPS physics education division [9] : How do we introduce the concept of general laws, based upon observation and mathematical theory? What is the role of experiment and careful, critical observation? How do we build equipment for such observations? How do we turn quantitative observation into a mathematical theory? The problem is, however, that students do not appreciate the experiments as basis of physics knowledge and they do not see experiments as important part of physics studies [10] (see also ref. [2] ). Because teachers tend to teach as they have been taught, distorted views on role of experiments easily reflects on practices that teacher adopt in school. No wonder, that the inability to see value of demonstrations and practical work in learning of physics seems to be very common and equally problematic in school level [11, 12] .
The third challenge is met through examples, how to develop teaching methods, emphasising student -student interaction or students' collaboration, which will be more effective than the traditional ones (lectures, separate exercises and laboratory work). In that case in focus are the student interaction and collaboration between students. We use here the term "collaboration" to describe social interaction that is activated in small groups where students talk and share their cognitive resources and work together to solve a problem or complete a task, like producing graphical network presentation in certain domain of physics or a laboratory research plan, so that attention is paid to "negotiations over meanings" (see e.g. refs [3, 4, 12] ). This kind of collaboration gives the student teachers tools they can use in thinking and (self) reflecting their decisions in instructional situations. Moreover our aim has been to combine the different activities (e.g. lectures, collaborative working in small group and laboratory work). In that the teacher has a crucial role in acculturating students' scientific way of thinking; teacher is the expert in physics and should also know how to combine subject knowledge and pedagogical knowledge.
Fourth challenge is to help the student teachers reflect or to inspect their knowledge and experience about physics and physics education, to share their experiences and to evaluate on their preliminary and final solutions to given tasks and thereby improves their understanding of physics and physics education. We have organised several possibilities for the student teachers for example to produce a preliminary graphical network presentations or preliminary laboratory plan and then prepare a new presentation or laboratory plan based on their own evaluation and feedback given by us. Therefore, in the field of teaching and teacher education the focus is on teacher's (student's) pedagogical thinking and reflection.
Meeting the challenges in practice and developing expertise
In order to meet the challenges discussed above we have developed a pilot course Conceptual Foundations of Physics (CFP, one-year, in three parts, together 15 ECTS), which introduces central notions of physics' knowledge structure, its epistemology and methodology. The running theme of the course is the interplay of theory and experiments in the concept formation [13, 14] . In CFP attention is paid to the development of concepts, laws and physical principles and emphasising the conceptual system as a whole. The leading idea is the simple notion that listening lectures about physics' structure, epistemology and methods is not yet enough; these discussions must be contextualised and combined with teaching and learning strategies, which support students' reflection of their own experience and knowledge, and help students to share ideas through discussions and negotiations. Towards this end, we have adopted learning methods (graphical network presentations) that helps students to create organised knowledge structures [13] [14] [15] .
In CFP we have adopted the "metacognitive" view on physics knowledge structures, which emphasise its network-like features and interconnectedness. The network-view is combined with explicit utilization of hierarchical structure of physics knowledge: the uppermost level contains the major principles and the laws of physics, and the lower level laws are subordinated to these more general principles (for similar ideas, see refs. [16] [17] [18] ). Within the networkview it becomes also possible to represent larger structures and become aware the internal connections between different branches of physics knowledge. One practical advantage of the network-view is that it lends itself easily to development of learning tools needed to represent the ordered knowledge and connections between physics concepts. It also directly allows seeing how particular topic can be arranged so that it can be taught at school so that experiments have a purposeful role in teaching and how they make it possible to establish the connections between different concepts. Detailed examples are given in our research reports in refs. [19, 20] and they are also available on our webpage [21] .
In the pilot course special attention was paid on how experiments generate the empirical meanings of concepts (compare with refs. [13] [14] [15] . From the network point of view experiments in physics acquire a rather different role as usually addressed in textbooks. Experiments help to construct the theory, so they do not only verify existing theory. The method of physics is to integrate new concepts in the theoretical framework through experiments. During the course, we required students to represent experiments in this "generative" role and locate them to in their graphical network representations.
The collaborative production of network-representations of physics knowledge (e.g. concepts and laws) has proved to be a powerful metacognitive way to order students ideas. During the course students are working in small groups and prepare about 12 study-reports (summaries), part of them are network representations of concepts, which are hierarchical, node-link representations that depict the major concepts and relationships found in certain domain of knowledge. Typically the students produce first representations alone or in small groups based on their previous experiences and knowledge acquired in previous courses. These preliminary representations are evaluated in small group and developed further with help of instructor also. Therefore, our strategy, in organising students' working in small groups, is to support students' reflection based on their experiences from previous physics courses. In producing the network representations we have used several practical solutions which support collaborative work. In some cases semi-structured tutorial type tasks are used, also supporting the reflection. The chance for reflection is an important part of learning, which helps students to broaden and deepen their understanding [23, 24] . The network representations serve thus as metacognitive tools helping students to reorganise their cognitive frameworks into more powerful integrated patterns [25] [26] [27] .
What do we achieve?
Supporting students in organising their knowledge by using a metacognitive point of view is not an easy task and its effects are not easily investigated. In order to get some idea whether or not the goals of the education have been reached we have during the semesters 1999-2002 collected systematically students' reports and analysed them in detail. Data is based mainly in semistructured problem solving tasks, reports and network representations. Mostly the analysis of student responses has been done by using interpretative analysis methods combined with student interviews. More details and examples of students' network representations are given in references and in our web-site [21] . Together with researchers from the Department of Applied Sciences of Education we have concentrated on analysing the following cases: 1) single quantities and "simple" laws, 2) formation of concepts, 3) extended networks of concepts, and 4) process representations of formation and production of laws. We discuss here cases 3) and 4) in more depth, using concrete examples drawn from our pilot course. The representations shown here are based on students' reports (in appropriately simplified form).
When we have researched teacher students' learning, typically two independent researchers have inspected the diagnostic and final network presentations and then classified the information in the network representations. The main emphasis in analysing the students representations have been on the interpretations drawn from primary data sources. In some cases we have also interviewed the student teachers with the aim to clarify if our interpretations are correctly done. Moreover we have also asked our students opinions about teaching and learning methods used within the courses.
The extended network of concepts created collaboratively in small group of students and guided by a teacher is presented in figure 1 using the heat and energy as an example. This example demonstrates well how it is appropriate to use a network representation when it is essential to display the organisation and subordination of several concepts, laws and general principles. In this example the role of quantitative experiments (denoted by symbols E1-E5 in figure 1 ). The detailed content of experiments (see for our webpage [21] ) is here not of importance, but their placement in the map emphasising and attention is paid on how they affect the structure of the networks by providing the crucial interconnections [19] . The displayed representation in figure 1 is simplified and redrawn version of students' final network representations, but it has essentially the same ordered structure as the original one. It differs in fundamental way from the initial ones, where ordering of concepts, laws and experiments connecting them was superficial, ambiguous and very unordered. Formation and production of laws, with an example of Faraday's and Henry's induction law, is displayed in figure 2 . It is also redrawn and simplified version of final network representation created collaboratively in small group of students and guided by a teacher. In that models and modelling are given special attention. The intertwined character of experimentation and modelling are here also in focus. Students learn how designing of experiment is interpretation of theory and how through generalization of empirical laws theory becomes extended [20] .
Dependencies: Changing magnetic field causes electric current, which resists change (Lenz's law)
Interpretation of phenomenon, predictions

Measurement/ Operationalisation
The electric current in primary coil and the voltage in secondary coil is measured in function of time The situations and contexts in above cases are different but some observations are common to both of them. In the beginning, students usually have difficulties in recalling what they actually know about the subject in question. The initial fragmented structure of knowledge is also obvious from the preliminary network representation produced before lectures and exercise sessions. When they have had the opportunity to discuss, reflect their knowledge and negotiate over their views there is clear development of more structured understanding. The development of ordered knowledge is reflected by network representations produced during exercises and completed as homework. Having reflected the first products in group discussions and discussing about them with an instructor a tendency to draw structurally organised network representations emerged. This development we have taken as a sign of growing understanding of interrelationships between concepts and the structure of physics. In the final, organised representations also the role of experiments in formation of the meaning is in most cases adequately placed.
The results show that what is needed is enough time to collect the already acquired pieces of knowledge into a structured whole. In that, collaborative working methods, reflection in small groups and suitable tools to express ideas are needed. It is in seeking these tools where we have found the collaboration between PE professionals to be of most importance, also in evaluating the success of our teaching approaches and methods.
Discussion and feedback
Analysis of students' network representations, reports and interviews clarifying them suggest that during instruction students really learn to organise their knowledge in a more structured form. Students also feel that they have understood the underlying principles and really formed a new and better understanding of the subject matter i.e. their metacognitive awareness has developed. The increased self-confidence in acquired expertise is also important. These notions are supported by the students' feedback (translations from Finnish):
-Surely a useful course, which has given the content to physics [I have learned] and the course has shaken my way of thinking physics -Opened my eyes and made note many [things I have] not questioned before in my teaching and in my thinking. -Made me think physics from new perspective -Very important for my prospective career as a teacher.
The evidence and feedback also suggests that the course has helped students in gaining the expertise needed in physics teacher profession. Among the most important things the students learned to: 1) integrate new knowledge by linking it as a part of existing knowledge, 2) understand scientific concepts as a part of this structure, 3) notice meaningful features and patterns of information, and 4) see the conceptual system as a whole.
These attributes characterise the expertise in subject knowledge in discipline and also development of expertise in pedagogy. This kind of expertise is particularly important in all planning phases of a physics education, as well as in guiding students' problem-solving [4] . In this respect, it seems that the course and instruction during it helps to achieve the goal of facilitating expertise in physics teaching. Perhaps most clear advancement took place in ordering and structuring the knowledge, as evidenced also by the students' notions: Subject knowledge taught and learned in several previous intermediate physics courses is needed to organise by students themselves. In this organisation collaboration between students and reflection is needed. As explained in previous chapters we have used several self-evaluation models, like making preliminary network representations and evaluating them in small groups that support reflection. On the other hand the role of a teacher as an instructor is also important. The teacher should for example evaluate both the preliminary and final network representations and give constructive feedback to students. These notions are supported by the students' feedback, where they regarded these aspects to be of importance and how they evaluated the usefulness of collaborative working methods: There are many similar kind of notions in student feedback, which taken together with other evidence discussed suggests that during the course clear development in the students conceptions takes place. In that development the suitable tools and goals set from the perspective of cognition and learning has been crucial for success. In this the expertise of physics education professionals has been of utmost value.
Conclusions
In the beginning of the physics teacher education the students' conceptions of knowledge seems to be static, factual, and definitional. Rather than an organised whole the knowledge in physics is seen as fragmented collection of facts. This situation is a severe challenge for physics departments in their teacher education. In resolving this problem and developing further our teacher education program we have in the Department of Physical Sciences started collaboration with physics education professionals from the Department of Applied Sciences of Education.
The goal was to develop metacognitive approach on physics and also to develop learning tools to support this metacognition. We adopted a networkview on physics knowledge in order to facilitate the development more holistic and organised expert's viewpoint. An essential part of the course was learning to use of representational tools for supporting organisation of knowledge, and encouraging to use collaborative working methods, which give opportunities to reflect (and self-evaluate) one's knowledge and conceptions. All this was done in contextualized way, by discussing specific physical examples.
The evidence and feedback we have obtained encourages thinking that many of the goals set for the course have been reached. Foremost, students reports not only demonstrate that they have learned to master new techniques, but also that they have made progress in their understanding in physics. This progress owes to fact that when students learn to express their knowledge and ideas in a more ordered and organised form, it also help to develop "expert's knowledge" in physics as a discipline and in its pedagogy.
In designing the appropriate methods and approaches the collaboration with physics education specialists was essential. In that, it was important to become familiar with each others ways of thinking, and learning to appreciate each other's views and professionalism. Without this common understanding it would have been difficult to merge together the different ideas and views; the expertise in physics content knowledge and the expertise in pedagogy, which form the core of pedagogical content knowledge. In that, the important role of physics departments is in taking the lead in the development, providing the necessary expertise of content. All this needs to be integrated it with pedagogical expertise provided by PEs. For the success of the project it was not essential to be in the same department or in the same building, but being in the same mode of thinking was essential.
